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SUMMARY 

An investigation has been conducted to determine the aerodynamic charac- 
teristics of a large-scale subsonic jet transport model with an externally 
blown triple-slotted flap. The lift of the model was augmented by the turbo- 
fan engine exhaust impingement on the flap surface. The model had a 25° swept 
wing of aspect ratio 7.28 and four turbofan engines. 

The model was tested with two flap extents. One extended from 0.11 to 
1.00 of the wing semispan, and the other extended from 0.11 to 0.75 of the 
wing semispan with a single-slotted aileron from 0.75 to 1.00 of the wing 
semispan. The results were obtained for several flap deflections with and 
without the horizontal tail at gross thrust coefficients from 0 to 4.0. 

Longitudinal and lateral data are presented with three and four engines 
operating. 

INTRODUCTION 

The principle of augmenting lift by directing the jet engine exhaust 
toward the trailing-edge flap surface has been investigated extensively. This 
principle is commonly referred to as the externally blown flap concept (EBF) . 
Wind-tunnel investigations of a large-scale model using this concept have been 
reported in references 1 and 2. Other investigations are reported in refer- 
ences 3 and 4. Because of the possibility of incorporating EBF in future 
transport designs, a growing interest has been expressed in the noise 



characteristics and flap loads, in addition to the aerodynamic characteristics, 
of this concept using higher bypass-ratio turbofan engines. 

An investigation was therefore undertaken using a large-scale EBF 
transport model to measure the aerodynamic and noise characteristics as well 
as surface pressures in the Ames 40-by-80— Foot Wind Tunnel. The model had a 
25° swept wing and four turbofan engines. This report presents only the 
aerodynamic characteristics of the model. The noise characteristics and 
loads data will be reported separately. Results were obtained with several 
flap deflections at two spanwise extents and at gross thrust coefficients 
from 0 to 4.0. The data were obtained at Reynolds numbers from 1.5 x 10 6 to 
3.8 x 10 6 , based on a mean aerodynamic chord of 1.69 m (5.56 ft) and dynamic 
pressures of 143.6 to 861.8 N/m 2 (3.0 to 18.0 psf) . 

MODEL AND APPARATUS 


Figure 1 is a photograph of the model in the Ames 40-by-80-Foot Wind 
Tunnel. Pertinent dimensions of the model are given in fig. 2(a). The 
wing, fuselage, and tail geometries are the same as reported in reference 5. 
The model was equipped with four JT15D-1 turbofan engines. 

Wing 

The wing had a quarter-chord sweep of 25°, an aspect ratio of 7.28, and 
an incidence of 0°. The airfoil had an NACA 63 2 A214 section at the root and 
an NACA 63 9 A211 section at the tip. The wing tapered linearly in thickness 
between these two sections. The ordinater of these sections are given in 
-jab le I . 
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Leading-Edge Slats 


Full span leading-edge slats were installed on the wing as shown in fig. 
2(b). The slats were installed throughout the investigation. 

Trailing-Edge Flap System 

The flap system had three segments with fixed pivots as shown in fig. 

2(c). Each flap segment was deflected either full span (n = .11 to 1.0) or 
part-span (n = .11 to .75) during the investigation. 

A . 10c plain spoiler hinged at .725c formed part of the flap lip when 
undeflected, and extended from n = .11 to .75 with a break at .50n. The 
spoiler was deflected 30° and 60° above the wing surface during the investi- 
gation. 

Aileron 

A single-slotted aileron extended from n = -75 to 1.0 when the part-span 
trailing-edge flap was investigated as shown in fig. 2(d) . The aileron is the 
same one reported in reference 5. 


Propulsion 

The JT15D-1 engines were housed in nacelles as shown in fig. 2(e). The 
engines have a bypass ratio of 3 and a normal maximum gross thrust rating of 
2200 pounds. Each nacelle centerline was coincident with the engine center- 
line and was parallel to the wing chord plane and model plane of symmetry. 
The nacelle contours are defined in fig. 2(f). 
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Tail 


The geometry of the horizontal and vertical tails is described in fig. 
2(a). These tails are the same ones used in reference 5. The horizontal tail 
detail is shown in fig. 2(g). The vertical tail remained installed throughout 
the investigation. 


TESTING AND PROCEDURE 


In most cases, forces and moments were measured through an angle-of- 
attack range of -8° to 26°. Tests were conducted at Reynolds numbers from 
1.5 x 10 6 to 3.8 x 10 6 , based on a mean aerodynamic chord of 1.69 m (5.. 56 ft) 
and dynamic pressures of 143.6 to 861.8 N/m 2 (3.0 to 18.0 psf) . 

Tests to measure jet turning (6j) and turning efficiency (n^) were 
obtained in the wind tunnel with zero airspeed. The measurements were 
recorded with two engines operating simultaneously on the same side of the 
wing and at the same power setting before air recirculation could be gener- 
ated in the test section. An exception to this procedure was at a flap set- 
ting of 6f i /6f 2 /<5f 3 = 15°/35°/55° where four engines were operating. 

All wind-on tests were conducted by varying either angle of attack 
(ciy = -8° to 26°) at 0° sideslip or sideslip (6 = 4° to -20°) at constant 
angle of attack while maintaining constant engine gross thrust setting on 
each engine. The thrust values were obtained by maintaining a corrected 
engine fan rotational speed (Ni//0) which corresponded to the desired static 
thrust. The static thrust variation with fan speed was obtained for each 
engine with the flaps up at zero airspeed. Except where Reynolds number was 
varied, most of the tests were conducted at C T values of 0, .5, 1.0, 2.0, 3.0, 
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4.0 and a dynamic pressure of 287.3 N/m 2 (6.0 psf) . 


Model configuration variables included flap deflection, spanwise flap 
extent, horizontal tail on or off, aileron deflection, elevator deflection, 
spoiler deflection, and outboard engine out. Table II may be used as an 
index to the tests. 


CORRECTIONS 

The data were corrected for wind-tunnel wall constraints. These correc- 
tions were determined by considering only the aerodynamic lift of the model 

(C*> that resulted after the jet reaction components had been subtracted 
L 

from the data as follows: 

C l = C L ' n f C T [sln (5 j + “u )] 

a = a + .4175 C_ T 
u L 

C d - C D + - 0073 C L 
u 

C = C + .025 C' (horizontal-tail-on tests only) 
mm L 

u 

The engine thrust values used to define C T were based on the calibra- 
tions of the engine static thrust variation with engine fan rotational speed. 
These calibrations were obtained from wind-tunnel scale measurements with the 
flaps undeflected. The and values obtained from static tests with 

flaps deflected are shown in fig. 3. 

The data are presented in this report for specified gross thrust coeffi- 
cients (C T ) . For reference the ram drag values are given in fig. 4. 
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RESULTS 


The static turning angles (S_.) and static turning efficiencies (n^) for 
the flap deflections investigated are shown in fig. 3. Figure 4 shows the 
variation of with C T . The jet exhaust total pressure distributions 

at the engine centerline for several power settings are shown in fig. 5. The 
jet exhaust total pressure distributions for several values of a at the 
maximum power setting used during the investigation are shown in fig. 6. 

The basic aerodynamic data obtained from this investigation are presented 
in figs. 6 through 38. An index to these data is given in Table II. 
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Figure 1. — Photograph of the model as mounted in the Ames 40- by 80-Foot Wind Tunnel. 













(b) Leading-edge slat arrangement. 
Figure 2. — Continued. 
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(e) Engine and nacelle arrangement with the wing. 


Figure 2. — Continued. 
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Figure 2. — Continued 


Sa. oOJ> Cm£AS<JAJ£S\ EI£\ZAT&LCoo2D/a/a7S2 


inm\ 


sr c y/L 
/7& 


o 

O 

o 

.44- 

.SI 

-.93 

*&7 

.IB 

-A3L ' 

/.?s 

.96 

A 39 \ 

2 A3 

.67 

-2.20 , 

3 .56 

.S£ 

-2 A3 j 

S.2(o 

.90 

-3,/£> ! 

7.oo 

*$£■ 

-3^2: 

ft, 7 S' 

.60 

-3,77 ! 

1 /0.S0 

SS 

-3,60 ! 

/4- oo 

■ gs 

-3,62 : 

/VSo 

,ss 

-3,4-0 

2 /. 00 

A? 

-2.30 

24S6 

AS 

-2.20 

/S.oo 

.2$ ' 

-/.so 

3/, So ! 

./f\ 

Bo 

33,00' 

SO i 

-,sd 

3S.ot 

• q£A 

-.OS 


| *n— An 


/Aft— 


/.7* j 

' — ism ) — 4 

SLA/Jro/pw 


A/or £ : ALL D/asJET/JE/oajs / a / 

rsns^r^T) 


UPPER. S off Ace 


,6Z<= t 


,90 C, 


5^2.0 


04- O/C A /£T6 P~ SECT'O^ 


sec . A -'A 


.O&Cf 


l o/Sfy 

/a/VEE-TED 

ELevAto/L 


(g) Horizontal tail detail. 
Figure 2. — Concluded. 








Figure 4. — Variation of estimated with per engine, 






(a) Left inboard engine centerline. 

Figure 5. — Jet exhaust total pressure distribution at several power settings; 

6, / 8 . 1 6 r = 15°/35°/55° » a = 0° . 
f 2 f 3 u 


















hnM w r iwii 


liEOiSluSiln. i iuLu i. i 


l8E^IS@!lllIil!i§lliii8ill!8§ill»l9^S!lffl9!S!B!S!!llffilll^il@fHKiSi piS 
!HUBIB!jfByKiililuieiiiygigiiiBtiiiiiiiiiiSgtB3i6iigs8£^a@gilSg^^iSlfiSilliSiii§L^^y 

— — issaasapnBih 

Siiiii 


iiJi&tjriiii li'Bir.ii 

■ 1 : iif '' r ?'T : ; '-v* ; .y?^P : p Hi. 1 -'-- 


IliiliillBISMHraSiSiSSi 

mMwmmmmmmmmm 

lillSSBliilllilH^P^wowi 

liliiilliiiiiii^-;: . '■ l*» * . ' 

SmiMSggl;^'. i*iSlfe|p! 


>iii> .1 :,i iiiH^iin, p pii pIhpJ* Willi,.;!-, 

III-; 1 'I'llH^dtN 'jjN|!ljj||'jjt!|| njijj 

iiiilsiiiiuIii^illllilliiiiliw^ilgiinjBsillalffiial^^ irfM-- 

IHiiliiil! i ii . 

BBssHisi 






iSliilg R«liliHI§EliliiniigL^3i llliiii^iini! Slilinif X^ilREilS! Rf SHSff 

ICill!IIH!HIiHIMy|lff8aiilt!>HIISillliiiiHiiiiniHliiiliilill8BiiiS81gttliiBiiiiiifiiBBBiK 

ISIS Illlllii lllillHIMi 
11*1111 IBllllllilllliilllil II 

SllgBliSlliiiliiillllEIHH 


iligiSiSIlS 


ipBSiMSKS^SSSRSiSHHKIiyiliaiiBH 

!!i!!!Hjm!!)!!i|l!!j!||nyijlgj|iiiliOOiiiuMP^iuiPiliil^lilipP!i(K! 

i^pri^raraniiiii^iiii8iyMnLrrjLHi!siii!§siaa««s^s3ffi^!sii*i 


i,nM.ji,liij,.i.||,i. jjjjjjj jjj 


g [! H ! ^|!| !!| Ij || i ;||j “II ! h!j ! j N S IjfR !!|{||!||iSiij!!!gi!i-!^!| j j j $i| j 

Miilto iill'ii'; 1 

piiNiilqHiiiiHi^ii|tjiiiii.i | i|iiii iiiil\inu|fiit h p Ul , 

a 36 ii hi Bft ii I ifsi' IS1 iffii 1 1 1’ 


|HHasBBiiHHMa8Ri6i6»PSi»Miiii^iiialirjiyiiiEfiiiS!i!(9iiililiiliybiiliy8s§eisggs^^sABi«»s r & 

HiliigjffiSl!!KIII8!8n|^S!!i!!ffli)iBiiijiyi»!ilr!;^i;iiiHBi!iiuji!!iH!HidDifitiibHig!iiiiu^BuiiluSBiiiSniiiuiii « 


jjj jljjj S jUj jljj jjjjll !!! 1 [?Uj! ?H j| j!!| ti niiwigiii iflilBm iiliijggi 

lll[illi[iillhlllliM!nuihniiSnliiu!!,u!H!ltlijilii, , „ ,£- ,‘| M "-l_ If 1 lift! 1 ' Ltl' 1 " i 


Sum liuhriii 


iiiiiuitiiiiiiufiil 

HI ' i 

r-n-; 

H 1 III 1 1 1 1 1 H 1 1 M i 1 1 

Bill 

iH.glilLi ilf f 

ihubhiuimmiii 



3 :::uj 

raliii 


Figure 7. — Longitudinal characteristics of the model with the plain wing, tail off. 





Figure 8. — Longitudinal characteristics of the model with full span flaps deflected; 

6, / 8 /6 = 0°/20 o /40° , tail off. 
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Figure 9. — Longitudinal characteristics of the model with full span flaps deflected; 

6 £ /6 £ /<5 £ = 15°/35°/55° , tail off. 
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C0MPLOT : 


Effect of Reynolds number on the longitudinal characteristics of the model with full 
span flaps deflected; 6 /6_ /6 = 0°/20°/40°, tail off. 







Figure 10. — Continued 








Figure 11. — Effect of Reynolds number on the longitudinal characteristics of the model with full 

span flaps deflected; 6_ /6, /6, = 15 °/ 35 °/ 55 °, tail off. 





(b) C T = 2.37. 


Figure 11. — Concluded 
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Figure 12. — Longitudinal characteristics of the model with full span flaps deflected; 


6* /<5 r /6. = 15°/35°/55' 


tail on, i t = O' 
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Figure 13. — Effect of Reynolds number on the longitudinal characteristics of the model with full 

span flaps deflected; 6/6/6 = 15 0 /35°/55°, tail on, i = 0°, 6 = -25°. 
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Figure 13. — Continued 
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(c) C T = 2.34. 


Figure 13. — Concluded 
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Figure 14. — Longitudinal characteristics of the model with full span flaps deflected and spoilers 

symmetrically deflected; 5. /6_ /«. = 15°/35°/55% tail on, i = 0° , 6 = -25°. 
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(b) 6 = 30° (n = .11 to .75). 
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Figure 14. — Continued. 
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Figure 14, — Continued. 
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Figure 14. — Concluded. 
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Figure 15. — Longitudinal characteristics of the model with full span flaps deflected and part 

span spoilers symmetrically deflected; 6 /6 /& = 15®/35°/55°» tail on, i = 0°, 
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(b) 6 = 60° (n - .11 to .50). 
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Figure 15. — Concluded 
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Figure 16. — Longitudinal characteristics of the model with full span flaps deflected at two tail 

incidences; 6 /6 - /6 = 15 0 /35 o /55° , tail on, <S = -25°. 
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Figure 16. — Concluded 
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Figure 17. — Longitudinal characteristics of the model with part span flaps and ailerons symmetri- 
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Figure 17. — Concluded 
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Figure 18. — Longitudinal characteristics of the model with part span flaps and ailerons symmetri- 
cally deflected; tail on, i^_ = 0°, <5 g = “25°, 6^^ = 5°. 
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(b) 6 /5 /6. = 0°/20°/30°. 
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Figure 18. — Concluded. 
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Figure 19. — Longitudinal characteristics of the model with part span flaps and ailerons symmetri- 
cally deflected; 6. /6_ /<5. = 15°/35°/55°, tail off. 
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Figure 19. — Continued 
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Figure 19. — Concluded. 
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Figure 20. — Longitudinal characteristics of the model with part span flaps and with ailerons and 
spoilers symmetrically deflected; 6. /6. /£>. = 15°/35°/55 0 , tail off, 6 = 30°. 
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( b ) « aU = 35' 


Figure 20. — Concluded 
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Figure 21. — Longitudinal characteristics of the model with part span flaps and with ailerons and 

spoilers symmetrically deflected; 6/6/6 = 15°/35°/55°, tail on, i. = 0°, 5 = -25' 
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Figure 21. — Concluded. 
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Figure 22. — Longitudinal characteristics of the model with the third flap deflected; part span 

flaps, tail on, i « 0°, 6 = -25°, 6 . = 23°. 
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Figure 22. — Concluded. 




pHiSHIIplilliigi!! 

jBiHii iiiiil 
BniHiip isii 


laEjspfija^ 

iMPsi 




x * SjSgilSIl 

pB^lsHiiii^yHIimii SO'Hi! n!H="!l SSi^S HI 


!Mi!li!Kl!i»llBH£!{! 

iliHiiifleilliliifil 


C 3 SS 3 ! 




EMgel$saiiM! 


I MM WJ imi nrj i 

!i!!$iSSffl! 


Jmmm 




iNgmiHI 


iMHEiinHIMi 

BppiHBii 


TEST VOS. RUN 117 


CBMPLBT* 


(a) Longitudinal characteristics of the model. 


Figure 23. — Aerodynamic characteristics of the model with asymmetric aileron deflections; part 


span flaps. 
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(b) Lateral characteristics of the model. 


Figure 23. — Concluded. 
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(a) Longitudinal characteristics of the model, 6 = 30°/0°. 

sp 

Figure 24. — Aerodynamic characteristics of the model with asymmetric spoiler deflections; part 
span flaps, 6 f ^/6 f ^/6 f ^ = 15°/35°/55°, tail on, i fc = 0°, 6 g = -25°. 






(b) Lateral characteristics of the model, 6 
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30*70*. 


Figure 24. — Continued 
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(a) Longitudinal characteristics of the model, 6 - 60°/0°. 

sp 

Figure 25. — Aerodynamic characteristics of the model with asymmetric spoiler deflections; part 

span flaps, 6 /« /& = 15°/35°/55°, tail on, i = 0°, 6 = -25°. 
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(b) Lateral characteristics of the model, 6 
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Figure 25. — Concluded. 
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(a) Longitudinal characteristics of the model. 


Figure 26. — Aerodynamic characteristics of the model with asymmetric aileron and spoiler deflec- 


tions ; part span flaps , 

6 = 60°/0° . 
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(b) Lateral characteristics of the model 
Figure 26. — Concluded. 
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(a) Longitudinal characteristics of the model. 
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(b) Lateral characteristics of the model. 
Figure 27. — Concluded. 
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(a) Longitudinal characteristics of the model. 

Figure 28. — Aerodynamic characteristics of the model with the right hand outboard engine out; 

part span flaps, <5, /6 r /fi. = 15°/35 0 /55 0 , tail on, i « 0°, 6 = -25°, 6 =20°, 
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(b) Lateral characteristics of the model. 
Figure 28. — Concluded. 
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(a) Longitudinal characteristics of the model. 


Figure 29.— Aerodynamic characteristics of the model with the right hand inboard engine out; part 

span flaps, <$ f /« /S = 15°/35°/55°, tail on, i = 0°, 6. = -25\ <5 ., = 20°. 5 
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(b) Lateral characteristics of the model. 


Figure 29. — Concluded. 
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(a) Longitudinal characteristics of the model. 


Figure 30 . — Aerodynamic characteristics of the model with the right hand outboard engine out 

and with asymmetric aileron and spoiler deflections; part span flaps, /6 f /6 f 

150/350/550 tail on i = o°, 6 = - 25 ° , 6 . = 5 °/ 35 °, 6 = 60 °/ 0 °. 1 2 3 
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(b) Lateral characteristics of the model 
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COMPLOT' 


(a) Longitudinal characteristics of the model. 


Figure 31. — Aerodynamic characteristics of the model with the left hand outboard engine out; full 

span flaps, 6, /6, /6_ = 15°/35V55 # , tail on, i « 0°, 6 = -25°. 
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(b) Lateral characteristics of the model. 


Figure 31. — Concluded. 
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(a) 6 sp - OVO*. 


Figure 32. — Variation of side force, yawing-moment, 

ficients with sideslip; 6 /6 , / 6 - = 15°/35°/55 0 

6 = 23 °/ 23 °, C =2. 34. 11 2 3 
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(b) 6 = 60°/0°. 
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Figure 32. — Concluded. 
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Figure 33. — Variation of side force, yawing-moment, and rolling-moment coeffi 

cients with sideslip; 6, /6, /6, = 15°/35°/55\ i. = 0°; 6 = -25 r 
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(b) C T = 2.34. 


Figure 33. — Continued 




(c) C T = 4.00 


Figure 33. — Concluded. 



Figure 34. — Variation of side force, yawing-moment, and rolling-moment coeffi- 
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(a) C T = 1.74. 

Figure 35. — Variation of side force, yawing-moment, rolling-moment coeffi- 
cients with sideslip and with the right hand outboard engine out; 
5 f /6 f /<5 f - 15°/35°/55 a , i t = 0°, = -25°, 6^ = 5°/35°, 

6 = 60° /0° . 
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(b) C T = 2.99. 
Figure 35. — Concluded. 
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(a) C T = 0. 


Figure 36. — Variation of side force, yawing-moment, and rolling-moment coef f ‘ 

cients with sideslip; 6 f /6 f /6 f = 15°/35°/55°, i = 0°, 6 = -25 , 
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(b) C T = 2.31. 


Figure 36. — Continued. 
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(c) C T = 3.99. 
Figure 36. — Concluded. 





naaiBissacnmUu 



SsUMiiiilliiiBl 

iMBiiggpiiilii 

S IB Blll^Siiiililii iliilfilli liiiiiilii 

l^^^^iiyiiiii[!!iijii[!!iiiii!!!i!n 

i<fei»::i.'5::ucS5sa:r:::::::![il[[iiiiiiniiiiiii[ 


^»lfQEH![l)K , j!!| 


aijigigg aaBM MjjBBBmHBigiBiiiiii 

^[5^HS^K5*£F!S4H:35ci::^::^!^r:^-"c:$==r5^iarnn£t::::E::rKi iiir.iimm 

■imlmgHaBSSi 


:iiiiiiaii^nnH’i!!!!>i!!!!! 


WSfflmammmwmMRm 

iiH1iiiuuiiiSi?.i!32J9K l .!5f.!!SSH!5!!HSiHiiL';i:ii:?i:icj 

l":"r:aiJc::Sh:rri=:=^Sz:ui5:rr3i^tni:iiiiiiiutliiMiimij 


J sS2 , *'5*M !!! U S H !i ! i: S:!i5z IE3 H US 
jffijinjjgi . : 'jj|j??SSSainii 

^iiif iis 

«»ninyiiiiiyyil;nil!i!i!!!!!l!^!!ii!! 

^ „,...„ MKt ma ijlH eIIh inniiin ssiljui iiiiliE 2 155 Eisi? 

liimlliiillH lilllll llli|l 

■■m finiaiil tuHiii U ESaKi il?!!!R3 tna Siii 

i n"!!« K=:::::isK:3SK:::a:Ki;sc::n;:s 

tiuS! !uw (Sci SSnum &2!I!£5L d^!!!U! MISIIHK HSSSH2S: fHS Ss!Ei 


OHOaOi^“i 

SiSSiiiiiiiiBBiD! 

In==;' : :==2==si 


IIS 

mi ea»giy«ijgB^^gggggjjj{j^g|j{gga ^^g i 
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-Variation of side force, yawing-moment, and rolling-moment coeffi- 
cients with sideslip and with the right hand outboard engine out; 

5 r /6 C / 6 _ = 15°/35°/55° , i = 0°, 6 = -25°, 5 41 = 20°/20°, 
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Figure 37. — Concluded 
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Figure 38. — Elevator effectiveness; ^f 1 ^f 2 ^f 3 = 15 0 /35 0 /55 0 , i fc - 0° 

C T = 2.32. 
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